The oxidative decarboxylation of betulonic, 3,20-dioxo-29-nor-lupan-28-oic, dihydrobetulonic acids with Pb(OAc) 4 in the presence of Py, Cu(OAc) 2 , CF 3 COOH or with PhI(OAc) 2 -I 2 leads to 28-nor-lup-16(17)-enes and 28-nor-lup-17(22)-enes, and 17α-acetoxy derivatives. The proportion of regioisomeric olefines is related to a substituent at C-19; the yields of olefines and of acetoxy derivatives depends on reaction conditions and structures of the starting acids. The structures of products were determined by spectroscopic methods.
Oxidative decarboxylation of C-28 triterpene acids of the lupane series may be a convenient method for obtaining 28-nor-lupane derivatives, i.e. olefines, halogenides, and acetates, which are intermediates in the synthesis of D-and E-modified triterpenoids of the lupane series, as well as of biologically active compounds of other structural types [1] . Oxidative decarboxylation of betulinic acid by Pb(OAc) 4 (AcOH-EtOAc-benzene) and the 3β-acetate of betulinic acid by Pb(OAc) 4 -Cu(OAc) 2 -Py (benzene) have been described [2] . However, these examples do not give a definite picture of the yields of the reaction products and do not clarify the stereochemistry at C-17 in the obtained 17-acetoxy-28-nor-lupanes.
We have studied the oxidative decarboxylation of betulonic (1a), 3,20-dioxo-29-nor-lupan-28-oic (1b) and dihydrobetulonic (1c) acids by Pb(OAc) 4 in the presence of Py, CF 3 COOH, and Cu(OAc) 2 , and also by PhI(OAc) 2 -I 2 [3] . It was established that, as the result of reaction, 28-nor-lup-16(17)-enes (2a-c) and 28-nor-lup-17(22)-enes (3a-c), and also 28-norlupane-17α-yl acetates (4a-α) (4c-α), were formed. The proportions of Δ 16,17 -and Δ 17,22 -olefines are determined by the nature of the substituent at С-19 in the starting acid and these are 1:1 (for 1а), 2:1 (for 1b) and 3:1 (for 1c). The yields of olefines and 17-acetoxy derivatives depend both on the reagent and on the nature of the starting acid (Table 1) . It is necessary to note that a compound with a 17β-OAcgroup (4а-β) has been found by us among the products of oxidative decarboxylation of the acid 1а by Pb(OAc) 4 -Py. It was identified in the mixture with 4а-α from 1 Н and 13 С NMR spectra (Table 1) . The ratio 4а-α:4а-β (85:15) was determined by the integral intensity of the signals of Me-25, Me-26, Me-27 and acetoxy-groups in the 1 Н NMR spectrum. A principal problem consisted in the determination of the C-17 stereochemistry in the obtained 17-acetoxyderivatives [2] . Analysis of the information obtained from the 1 H NMR spectra, including homonuclear proton double resonance spectra, 13 C NMR spectra recorded in the JMOD mode, 2D NMR spectra ( 1 H-1 H COSY and 13 C-1 H correlations) of the oxidative decarboxylation products and also of compounds described earlier [5] [6] [7] [8] [9] [10] , allowed us to make the unambiguous and full assignment of all carbon and hydrogen atom signals in these spectra and to reveal a criterion for the determination of the stereochemistry of the C-17 atom, which are complementary. One of the criteria is the value of the chemical shift of the C-13 signal. In the carbon spectra of compounds with a natural β-orientation of the С-17-substituent, including the obtained acetate 4а-β, the 13 C NMR signal is observed at δ = 36.9-38.0, while in the spectra of acetates 4а-α and 4с-α the given signal is displaced at a lower field by more than 5 ppm (Tables 2 and 3 ). Analogous chemical shifts of the С-13 atom for the 17-epi-lupenylacetate/ lupenylacetate pair were described [8] and used [10] to determine the C-17 atom configuration in 28-norlup-20(29)-ene-3β,17β-diol extracted from the leaves of Melaleuca leucadendron. We believe that the upfield signal of the С-13 atom in the spectra of 17β-substituted lupanes is caused by syn-interaction of this atom with the С-17-substituent [11] . Another stereodiagnostic criterion of α-orientation of the substituent in acetates 4a-α and 4c-α was the value of the vicinal coupling constant of protons H-18 and H-19. In the 1 H-1 H COSY spectrum, crosspeaks of spin-spin interaction of the H-18 proton with H-13, H-19 and H-21 were observed. In the 1 H NMR spectrum of acetate 4a-α, the H-18 signal was observed at δ 2.05 as a good, resolved, doublet of doublets of doublets signal (J 13ax,18ax = 11.0 Hz and J 18ax,19 = 3.6 Hz and J 18ax,21 = 2.0 Hz), whereas, according to our observations [5] , in spectra of compounds with the natural configuration at C-17, the H-18 signal had two axial-axial vicinal coupling constants (11.0 Hz and 12.2 Hz). The decrease of vicinal coupling constant J 18ax,19 in 17α-acetoxyderivatives 4a-α and 4c-α is caused by the change of the dihedral angle of H-18-C-18 -C-19-H-19 owing to the inversion at C-17, which leads to the change of D/E-trans ring junction to D/E-cis ring junction.
It is of special interest that compounds having a 17α-configuration predominate among products with the general formula 4. Probably, this predominance at the oxidative decarboxylation of 1a-1c is sound because compounds with trans-trans-trans-cis-ring junction are thermodynamically more stable in a lupane series in comparison with those of natural trans-trans-trans-trans-ring junction [12] .
Acetates 4a-α and 4c-α were treated with 5% KOHMeOH to be transformed into the corresponding 17α-hydroxy-derivatives 5a-α and 5c-α. The acidic isomerization of regioisomeric olefines 2c and 3c (mixture 3:1) by refluxing in benzene with HCOOH for 20 h resulted in tetra-substituted olefin 6. Thus, as a result of this work, a series of new lupane derivatives were obtained and their NMR spectra studied. It was also shown that some chemical shifts and coupling constants in the NMR spectra may be used to determine the relative stereochemistry at C-17 in some obtained and other lupane compounds.
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Experimental
Acids 1a (yield 63%) and 1c (yield 65%) were obtained from betulin and dihydrobetulin by Jones oxidation [13, 14] . Betulin was isolated from birch bark using method [15] ; dihydrobetulin (yield 98%) was prepared from betulin by hydrogenation over Ni/Re in EtOH (80 o C, 100 atm, 14 h).
3,20-Dioxo-29-nor-lupan-28-oic acid (1b): An ozone-oxygen mixture was passed (the ozonater capacity was 45 mmol/min) into the solution of acid 1a (250 mg, 0.35 mmol) at -30 o C until the solution turns blue. The reaction mixture was blown with argon, then Me 2 S (3 mL) was added and the mixture stirred at 10 o C for 1 h. The temperature was then decreased to room temperature, and the reaction mixture kept overnight. The solvent was evaporated, and the amorphous residue was crystallized from light petroleum to afford 240 mg (96%) of 1b as a white powder. 
Oxidative decarboxylation of acids 1a-1c
Method 1: Pb(OAc) 4 -Py: Pb(OAc) 4 (3.46 g, 7.82 mmol) was added to a solution of the corresponding acid (1a, 1b or 1c, 6 .15 mmol) in dry benzene (30 mL) and dry pyridine (0.9 mL, 9.23 mmol). The reaction mixture was refluxed under N 2 until the disappearance of the starting acid (TLC, silica gel, benzene:EtOAc, 8:1), then cooled. The solution was decanted, washed with water, followed by 4% NaOH, Table 1 .
1 H and 13 C NMR spectral data of compounds 2a, 2c, 3a, 3c, 4a-α, 4с-α and 4a-β are given in Tables 2 and 3. Method 2: Pb(OAc) 4 -Cu(OAc) 2 -Py: Pb(OAc) 4 (726 mg, 1.64 mmol) and Cu(OAc) 2 2H 2 O (8.7 mg, 0.04 mmol) were added to solutions of the corresponding acid (1a, 1b, 1c, 1 .02 mmol) in dry benzene (50 mL) and dry pyridine (0.38 mL, 3.84 mmol) in a N 2 atmosphere. The reaction mixture was refluxed up to the disappearance of the starting acid (TLC, silica gel, benzene:EtOAc, 8:1), then cooled. Water (5 mL) was added, the organic phase separated and sequentially washed with 10% HCl, NaHCO 3 , and brine, then dried with MgSO 4 . The solvents were evaporated and the residues obtained were chromatographed on a silica gel column (benzene:MTBE, 20:1, as eluant) to give the reaction products (Table 1) .
Method 3: Pb(OAc) 4 -CF 3 COOH: Pb(OAc) 4 (200mg, 0.53 mmol) and CF 3 COOH (5mL, 65.0 mmol) were added to a solution of acid (1a, 100 mg, 0.22 mmol) in dry benzene (20 mL). After refluxing for 10 h under a N 2 atmosphere, the reaction mixture was washed with 10% NaOH. The organic phase was separated, washed with brine, dried with MgSO 4 and the solvent evaporated. The residue was chromatographed on a silica gel column (benzene:MTBE, 20:1, as eluant) to give reaction products 2a and 3a (Table 1) .
Method 4: PhI(OAc) 2 -I 2 : PhI(OAc) 2 (71 mg, 0.22 mmol) and I 2 (55 mg, 0.22 mmol) were added to a solution of the corresponding acid (1a, 50 mg, 0.11 mmol, or 1c, 50 mg, 0.11 mmol) in dry benzene (15 mL) under a N 2 atmosphere and refluxed for 30 min (irradiation with tungsten lamps 2 x 100 W). After cooling, the reaction mixture was worked up by the addition of 10% aqueous Na 2 S 2 O 3 and brine. The Oxidative decarboxylation of lupane derivatives Natural Product Communications Vol. 3 (10) 2008 1573 organic phase was separated, dried with Na 2 SO 4 , and evaporated. The residue was chromatographed on a silica gel column (benzene:MTBE, 20:1, as eluant) to give reaction products 2a, 3a, 4a-α or 2c, 3c (Table 1) . -di-nor-lup-17(22)-en-3,20- 
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Hydrolysis of acetates 4a-α, 4c-α
General method: KOH (300 mg) was added to a solution of either acetate 4a-α (190 mg, 0.412 mmol) or 4c-α (190 mg, 0.412 mmol) in MeOH (10 mL). After refluxing for 9 h, the reaction mixture was cooled, diluted with water (5 mL), and extracted with EtOAc (3x10 mL). The organic phase was washed with brine, dried with Na 2 SO 4 , and evaporated. The residue was purified by column chromatography on silica gel (benzene:MTBE, 9:1 as eluant) to afford 40 mg (20%) of white crystalline powder 5a-α from 4a-α, and 180 mg (98%) 5c-α from 4c-α.
1 H and 13 C NMR spectral data of 5a-α and 5c-α are given in Tables 2 and 3 . 28-Nor-lup-17(18)-en-3-one (6): HCOOH (2 mL) was added to a solution of a mixture of olefins 2b and 3b (ratio 3:1, 100 mg, 0.24 mmol) in benzene (8 mL). After refluxing for 20 h (TLC control, SiO 2 -10% AgNO 3 ), the reaction mixture was cooled and diluted with water (10 mL). The organic phase was separated, washed with brine, dried with MgSO 4 and the solvent evaporated. The residue was purified by column chromatography on silica gel (in benzene) to afford 80 mg (80%) of olefin 6. 
MP: 183-184ºC (EtOH
